We report
INTRODUCTION
A wide variety of methods is available to introduce nucleic acids into cells of many organisms. In most cases, DNA has been used because of its stability and the capacity to replicate autonomously or integrate into the host genome. There are fewer systems in which exogenous functional RNA has been introduced into cells. In eukaryotic systems, direct introduction of RNA molecules into cells provides advantages over DNA transfection methods when studying certain biological functions. For example, RNA transient expression allows potentially variable nuclear events to be ignored, which include transcription, RNA splicing, and RNA transport to the cytoplasm. Infectious viral RNA molecules (1) (2) (3) (4) (5) , viral-derived, non-replicative RNA molecules, and nonviral, non-replicative RNA molecules (6, 7) have all been successfully introduced into mammalian cells.
Transformation of yeast cells with DNA plasmids is a routine procedure for molecular biological manipulations of the organism. Yeast cells are surrounded by a cell wall composed principally of glucans and mannoproteins (8) . Yeast cells can be made competent for DNA uptake either by treatment with lithium acetate (9) or by converting them to spheroplasts by enzyme treatment (10) (11) (12) (13) . Recently, procedures have been developed for transforming intact yeast cells by electroporation (14, 15) .
We are interested in studying the cis-and trans-acting factors required for the establishment of infection and the in vivo replication of certain dsRNA VLPs of yeast (16) (17) (18) (19) . That is, most strains of Saccharomyces cerevisiae contain cytoplasmic, noninfectious, virus-like particles (VLPs) that are cytoplasmically inherited and that contain linear dsRNA molecules (20-23; reviewed inl6-19) . The major families of yeast viruses are L-A, L-BC, M, T and W, of which L-A and Ml have received the most experimental attention. The L-A VLPs contain a single copy of a 4.6-kb dsRNA (L-A dsRNA) and the Ml VLPs contain one or two copies of a 1.8-kb dsRNA (MI dsRNA) enclosed in an icosahedral capsid. L-A dsRNA encodes the 80-kDa major capsid protein and a 180-kDa minor capsid protein with single-stranded (ss)RNA binding activity and probably with RNA-dependent RNA polymerase activity as well (18, 24) ; both the major and minor proteins are found in the icosahedral capsid. Ml dsRNA is encapsidated in particles encoded by L-A; that is, Ml is a satellite RNA which can exist only in cells that have L-A dsRNAs.
In this paper, we describe the parameters for introducing RNA into yeast spheroplasts. 
MATERIALS AND METHODS
DNA plasmids T7-5'ncPolio-LUC (Figure 1 ) contains the promoter for T7 RNA polymerase followed by the entire 5' noncoding region of poliovirus and the firefly luciferase coding region (LUC) (25 (27, 28 (11) with minor modifications. In brief, cells were grown in 50 ml of YAPD (1 % Difco yeast extract, 0.05 % adenine hemisulfate, 2% Bacto peptone, 2% glucose) at 30°C, with shaking at 250 rpm, to a density of 3 xl07 cells/ml. After this point all solutions used were RNase-free. The cells were collected by centrifugation, washed with 20 ml of water, then with 20 ml of 1 M sorbitol, and were resuspended in 20 ml of SCEM (1 M 
RESULTS

Experimental System
The experimental system involves the measurement of firefly luciferase activity in cell extracts after introducing into yeast spheroplasts mRNA made by the transcription of the DNA plasmids shown in Figure 1 A transcription reaction mixture using LA-LUC.EXP (Fig. 1) as the template was performed in the presence of the 5'-cap analog, m7GpppG was used to transfect spheroplasts, samples were taken from 1 to 20 hours after RNA introduction, cell extracts were prepared and luciferase activities were determined. In parallel, the transient expression of luciferase from pDO432, a nonreplicating DNA plasmid encoding luciferase, was monitored in the same batch of spheroplasts. Figure 2 shows a representative luciferase time course experiment. For the LA-LUC.EXP transcripts, the peak of transient luciferase expression was at 2-4 h after RNA introduction. By contrast, the peak of transient luciferase expression for plasmid pDO432 was consistently much later, at 16 h after introduction of the DNA.
The direct introduction of RNA shown in Figure 2 was performed with total transcription reaction mixtures that contain both plasmid DNA and the mRNA transcripts. That the DNA in the transcription reaction mixtures was not responsible for the luciferase activity measured in the cell extracts was shown in two ways: 1) by experiments with reaction mixtures from which T7 RNA polymerase was omitted; and 2) by experiments using reaction mixtures treated with RNase-free DNase I. For these experiments, luciferase activity was measured 16 hours after exposure of spheroplasts to the reaction mixtures, at the time of maximal DNA expression (Fig. 2) . The results shown in Table  1 indicate clearly that the observed transient expression of luciferase derives from expression of the mRNA and not from DNA. Luciferase activity was at control levels for the reaction mixtures lacking T7 RNA polymerase. Furthermore, luciferase activity was not abolished by DNase I treatment of the transcription reactions. The 50% decrease in luciferase activity after DNase I treatment of the transcription reaction may well result from a modest amount of RNA degradation or from a reduced efficiency of RNA introduction or transient expression in the absence of 'carrier' DNA. Most importantly, the luciferase activity observed in the transient expression experiments shown in Table 2 clearly resulted from expression of the introduced RNA molecules. Figure 3a . The LA-LUC.EXP and M1-LUC.EXP m7GpppG-capped messages both showed levels of expression only slightly less than that observed in HeLa cells (next section), and luciferase activity increased linearly with transcript amount.
When non-capped LA-LUC.EXP and M1-LUC.EXP mRNAs were introduced into yeast cells, significant luciferase activity was also seen (Figure 3a) . The levels of transient expression of luciferase from non-capped LA-LUC.EXP and Ml -LUC.EXP RNAs, while significant, were clearly lower than the luciferase levels following the introduction of m7GpppG-capped RNAs.
The ratios of the slopes of the best-fit lines in Figure 3a of Table 2 shows the results of introducing capped and noncapped mRNAs transcribed from the four different luciferase-encoding plasmids LA-LUC.EXP, M1-LUC.EXP, T7 -5'ncPolio-LUC, and T7 -5'ncLuc-LUC into yeast cells (see Figure 1) 
